It has already been pointed out that the foreign language barrier is probably the greatest impediment to the free flow and transfer of information. This barrier is even growing as scientists of more and more countries publish in their own languages. Almost all studies addressing the language barrier problem were conducted from an Anglo-Saxon perspective, limiting their scope to English-language sources or English speakers. Little research has been devoted to studying and measuring language preference among non-English-speaking scholars.
Introduction
Large 1 already pointed out that the foreign language barrier is probably the greatest impediment to the flee flow and transfer of information, others being: illiteracy, censorship, volume and physical availability. It is claimed that the language barrier is even growing as more and more countries add publications in their languages. 2 Increasing amounts of primary scientific material, especially in the applied and technical sciences, are published in many non-English languages, mainly Russian, German, French and Japanese. 3-8 Studying scientific publications in geology, Reguant 9 claims that non-English languages dominate important subfields in this discipline.
There is broad consensus conceming the overwhelming importance of English in the world-wide transfer of scientific information, comprising between 40 to 80 per cent of the total international communication in the sciences, depending on the discipline3, 6,1~
Replacing the German language, English has become the "lingua franca" of the scientific world 13. Actually, some argue that the best scientific research of non-English speakers is published in English anyway, la,14 but this view is still highly disputed 6,15. However, almost all studies addressing the language barrier problem, were conducted from an Anglo-Saxon perspective, limiting their scope to English-language sources or English-speakers, as already reviewed elsewhere 16. Very little research has been devoted to language preference among non-English-speaking scholars, as compared to their English-speaking colleagues, and little attempt was made to apply additional measures, besides the simple measure of the percentages of each language used. As such, this article provides technical tools to study suggestion 10 in Rousseau's list of research suggestions, 17 namely to study the receptivity to foreign literature in different fields and different countries.
Former proposed measures and critical analysis
Language analysis of cited references usually aims to reveal the languages upon which research in the investigated field relies, as well as the relative use of each. Providing that the sample of source articles (whose references are analysed) is not confined to a single language, but rather comprises several sub-samples published in various languages, it is possible to calculate the rate of "language self-citation" (or "own language preference") for each language group. The measure of "language self-citation" can be simply defined as the proportion of references written in the same language as the citing source. "Language self citation" is analogous to "journal self-citation" and "subject self-citation ''18-2~ and its rate indicates the degree to which researchers in a certain field draw upon the literature published in their own language. A low rate of "language self-citation" is assumed to indicate considerable use of, and dependence on, literature in other languages, while a high rate should indicate self-sufficiency, and independence of foreign language research literature. Seemingly, the closer the rate is to 100%, the smaller the reliance on foreign language materials.
However, as pointed out in earlier publications 16,21 this measure alone is inadequate and may create a distorted picture, since it does not indicate the quantity of foreign language material thus disregarded by those scholars, or its importance. Understandably, in fields in which English comprises a vast majority of the total world research output, English-writers with a high rate of "language self-citation" lose much less information than in fields in which most research material is published in non-English languages.
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Scientometrics 45 (1999) The "importance" of research material in "foreign" languages is very difficult to assess and is highly disputed, as indicated above. The other problem, however, is easier to solve, providing one has data regarding the estimated proportion of the cumulative total published research, shared by each language in a specific subject field. The actual "language self-citation" rate of a group of scholars publishing in a certain language, should be related to an expected rate, which is based on the assumption that, by and large, with no language barriers and no material availability problems existing, scholars would cite publications in a certain language according to its share in the total research output of that field.
This refmed measure of the relative language-self-citation (for a group of researchers in a certain field who publish in a certain language), which was fn'st termed the "linguistic isolation" coefficient 21 and later 16 renamed "relative own-language preference" (ROLP) indicator, is represented by the following ratio:
(actual self-citation rate of that language)/(expected self-citation rate of that language)
where the expected rate is expressed by an estimated proportion of this language's share in the total published research output cumulated hitherto in that field. A ROLP ratio equalling one, means a "balanced" state in which the authors in that field cite publications in their own language proportionally to its share in the existing body of research literature, i.e. publication share. The higher the ratio lies above 1, the higher the degree of"self-language preference" and disuse of a larger body of foreign language material. The smaller the ROLP-index, the greater the relative use of foreign language literature.
The relative greater availability and accessibility of publications in the own language, combined with the fact that these sources are more familiar, generally leads to ROLPs larger than one.
In a comparative study of language preference in the field of sociology, Yitzhaki 21 examined the language of references cited in regular original research articles published between 1989 and 1994 in nine different-nationality sociology journals: American, British, German and French (see Table 1 ). The "relative own-language preference" (ROLP) indicators, presented in Table 3 for each journal, were calculated according to the above-mentioned ratio formula (the actual percentages of cited languages are presented in Table 2 ). The "expected self-citation rate" was calculated on the basis of two alternative estimates. Estimate (a) was based on a statistical analysis of the languages of the publications included in SOCIOF1LE CD-ROM 1/74 -12/95, while estimate (b) was based on the assumption that only 50% of the non-English items were included in that database.
These ROLP indicators revealed that the highest degree ot "~own-language preference" (i.e., the strongest mother tongue bias) prevails among the Germans, followed by the French sociologists, while American and British ones display a much better balance, with coefficients slightly higher than 1, indicating the lowest ownlanguage bias.
Calculating the ROLP indicators according to estimate (b), which gives higher proportions to other languages in the existing body of research literature, at the expense of English, naturally shows slightly higher rates of relative language self-citation among the American and British sociologists and improves the German and French indicators. The latter ones drop considerably, but still remain much higher than the Anglo-Saxon figures, indicating a strong mother tongue "bias" (or preference) 8 to 17 times higher than expected according to their publication share.
Although the ROLP indicators better reflect the differences in language preference, than do individual raw figures of language self-citation, critics have rightly pointed out a major drawback of the ROLP index, namely its size-dependency. Consider, as an example the fictitious data of Table 4 . 
Estimated proportions of these languages in sociological research are: Estimate (a): English -81.4%, French -4.8%, German-3.0% Estimate (10): English -68.7%, French -8.1%, German -5.0% Although Language 1 is extremely parochial in its language use (it is not open at all to other languages) its ROLP is considerably smaller than that of Language 2. This means that the ROLP-index might work well in an unrealistic situation in which major languages have similar shares in the world publication 'pool', but not in an unequal scene which is biased in favour of the 'dominant' language (in our case, English) at the expense of less 'dominant' ones (in our case, German and French). It is clear that in the former case, since the English language is estimated to dominate at least about 70% of the 'market' (i.e., denominator = 70) the above ratio will yield a ROLP, for English writers, slightly higher than 1, never exceeding 1.5 (see e.g., Table 3 ). On the other hand, for German and French, and certainly for less 'dominant' languages, with an estimated publication share of less than 10%, the ROLP indicator tends to be considerably higher, due to a relatively low denominator (see e.g., Table 3 ).
In a recent paper by Bookstein and Yitzhaki 22, a more refined ROLP measure was proposed, free of the aforementioned bias, and based on the 'straight' Odds Ratio. The indicators it yields are presented in Table 3 , next to the ROLP indicators. The 'straight' Odds Ratio measure yields the ratio between two odds: the odds Po that a scholar or a scientist, working in a certain field, will cite any given paper written in his own language, and the odds Pf that he will cite any given paper written in any other language (i.e., in a 'foreign' language). Given that: SCR = Proportion of own language references (as found empirically in a group of papers written in that language) = actual language self-citation rate. Hence, 1-SCR = actual 'other-languages citation' rate. ct = Proportion of the target literature population written in one's own language (= estimated proportion of that language in the cumulative published research in the field under study). Consequently, 1-tx = Proportion of the target literature population written in other languages. Then, the final 'straight' Odds Ratio measure Po / Pf is :
As shown in Table 3 , a comparison of these refined size-free 'own-language preference' indicators to the former ROLP ones, on the basis of estimate (a), shows that: 1. The indicators, in absolute numbers, for all three groups of journals (Anglo-Saxon, German and French) are much higher. However, the increase in indicators for all but one (Theory, Culture and Society) of the Anglo-Saxon journals has been greater than that of the rest. 2. The two German journals still show the largest degree of own-language preference, but there is a much greater discrepancy between them (190 vs. 56), as versus the other journals. The British Journal of Sociology now shows a relatively higher indicator of own-language preference (45.5), ranking third in the list, fairly close to the second German (56), and followed by the two French journals which have lower own-language preference indicators (41 and 36).
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. The American Sociological Review and two of the British ones (Sociology and Sociological Review) which before had equal ROLP indicators, now differ in their own-language preference (32.4, 18.8, 16.6) due to the greater sensitivity of the odds ratio measure to tiny differences (like 0.2%!) in the raw percentage figures of language self-citation.
However, using estimate (b) regarding the world wide distribution of publication languages in sociology results in great changes in both ranking (see Table 3 ) and values of own-language preference, due to the lower estimate it gives the English language. As shown in Table 3 
Meaning, advantages and disadvantages of the 'Straight' Odds Ratio measure
One may say that the straight odds ratio measure measures the relation between a scholar's (say the average language L-speaking scientist) preference of his/her Own language (relative to all other languages) and his/her language publication share in world research in that field (relative to the share of all other languages). In fact, it is the relation between two ratios: (1) the ratio of language self-citation to the citation of other languages, and (2) the ratio of that language publication share to the share of other languages. We may say that the odds ratio indicates to what extent his/her relative preference of his/her language is greater (or smaller) than the existing ratio of his/her language to other languages, as found in the cumulative body of research publications in that field.
The main advantage of the odds ratio measure is its being size-free, and thus independent of, and unaffected by, the 'raw' volume of body of research existing in a certain language.
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The 'straight' odds ratio measure, however, has several apparent drawbacks: 1. The measure is always infinite in case the language cites only itself. The larger a language, the smaller the measure must be, even if only one's own language is cited. It does not draw conclusions concerning the internationalisation of a research discipline: if a research discipline in the Netherlands or Flanders uses only Dutch literature it receives a value infinite for the odds ratio measure (rightly so -isolation is there!) but if a research discipline in the USA only uses American (English) literature it also receives a value infinite for the odds ratio measure while it is less evident here that this discipline is isolated to the same extent as the previous one. 2. It is somewhat oversensitive, in certain cases, to negligible and insignificant differences in the percentages of language self-citation. In other words, minuscule differences in these raw proportions result in considerable differences in the measures of odds ratio for each of the journals concerned (e.g., the differences between the British Journal of Sociology and Sociological Review or between American Sociological Review and Sociology).
3. The measure is not normalised (yielding values between 0 and 1), as is often desirable.
New suggestions for correcting the ROLP-index: an axiomatic approach
The objective of this section is to propose additional measures, which may serve as better indicators of the relative own-language preference. Their adequacy for measuring the relative self-citing rate will be determined by checking whether they meet a number of axioms we will set forward. 
As the target language L will be fixed we will denote ct(L), simply by e~. Similarly, the self-citing rate of language L will be denoted by c. A measure f of the relative self-citing rate should satisfy the following axioms. We exclude the case tx = 0, because this means that the language L under study does not occur. If ~ = 1, then naturally c = 1: if L is the only language, one can cite only this language. Continuity is required, because it is against the intuition that tx or c values that differ only by a small amount, result in relative self-citing rates that differ a lot. Moreover we require fto depend on relative parameters, not on absolute ones such as the total number of publications under consideration. This is because we want to obtain a relative measure. RSCR 2a.fll,1) =0 2b. V tx ~ ]0,1[ :J~tx,0) = 0 Axiom RSCR 2a expresses the fact that if a country holds a monopoly position it can not be accused of parochialism. Axiom RSCR 2b states that if the language under study is never cited, while some publications in that language exist, the relative self-citation rate must be zero.
These axioms take care of the extreme cases. Now we concentrate on the more usual cases et E ]03[ and c E ]0,1[. RSCR 3. The functioning,c) is strictly increasing in c (for fixed tx E ]0,1 [ ). This is evident: the larger the self-citation rate, the larger the relative self-citation rate for fixed t~. RSCR 4. The functionj(et,c) is strictly decreasing in ct (for fixed c E ]0,1] ). Indeed, the larger t~, the less choice there is to cite a publication written in another language.
Finally, we require the following sensitivity property RSCR 5. Scientometrics 45 (1999) The requirement that the partial derivative of f with respect to or must be decreasing means thatfis required to change faster for small a than for larger ones (with c fixed).
Some consequences of these axioms
This property follows from the continuity off(RSCR 1) and the fact that f(1,1) = 0 (RSCR 2a) 2. For c = 1 the functionfstill depends on a. This follows from RSCR 4. So RSCR 4 eliminates the odds ratio as an acceptable measure for relative self-citation preference. 3. Ifa tends to zero, j(a,c) tends to its maximal value (c fixed). This follows l~om RSCR 4.
We will next see which measures satisfy these five axioms. strictly decreases in the variable a. This shows that the ROLP-index is a good measure that only fails at axiom RSCR 2a.
2 ~ The odds-ratio (c(1-a)/(1-c)a) meets axiom RSCR 1, but is does not satisfy RSCR 2a. More precisely, the odds-ratio is not defined in (1,1) , but defining it to be 0 in (1,1) makes it discontinuous in (1,1) as the limit for (a,c) ----) (1,1) where (a,c) tends to (1, 1) along the diagonal (r = c), is equal to 1. Axiom RSCR 2b is satisfied, as are axioms RSCR 3 and 4 for c r 1. Axiom RSCR 4 is not satisfied for c = 1. Finally, as to RSCR 5,
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This expression decreases strictly in a except, again for c = 1. We conclude that the odds ratio fails either axiom RSCR 2a or axiom RSCR 1. It fails, moreover, axioms 4 and5 forc = 1. We conclude that the functions RSCRI(a,c) = cln( 1 )
are the best ones (among those considered here) to measure the relative self-citing rate.
l)
Further comments
Interpreting the publication share a as a stimulus to the publication-citation system under study, and the relative self-citation rate as the subjective reaction or sensation of the system, then formulae (4) and (5) This is what we intuitively expect: the larger cz, the less important the changes in the relative self-citation rate. This can also be considered as an expression of the law of diminishing returns. 2) The functions RSCRI(tz, c ) and RSCR2(tz,c ) as given by formulae (4) and (5) are certainly not unique in satisfying the axioms mentioned before. Indeed, any fimction of the form ritz,c) = g(c) h(ln(1/tz)), where g and h are positive, continuous and increasing fimctions such that g(0) = h(0) = 0 and such that h' is strictly increasing satisfies all axioms. 3) If tz stays fixed, i.e., within one language, the self-citation rate determines the rank of the relative self-citing rate of the journals, people or any other subject of study. 
7~
This normalisation is allowed by the previous remark. It seems, moreover, advisable to apply it.
The values ofRSCRi(tz, c), i = 1,2 and of their normalised forms for the hypothetical example of Table 4 are: RSCR 1 (L 1) = RSCR2(L 1) = 0.223, which becomes, after normalisation: 0.140 RSCRI(L2 ) = 0.599, or 0.344 (normalised), while RSCR2(L2 ) = 0.120 or 0.076 (normalised).
Although both RSCR-functions satisfy all the axioms we have required, this example illustrates the fact that it is still possible to obtain considerably different rankings. Based on this example our preference goes to the second one.
The values for RSCRi(tz,c), i = 1,2 and of their normalised forms are presented in Table 5 using both estimates (a) and (b) of the tz-value of the language in question.
A comparison of the various values yielded by both RSCR 1 and RSCR 2 measures, shown in Table 5 
Comparing RSCR 1 to RSCR 2 values.
It is evident that the latter one tends to be more size-free than the former. It is probably less affected by the greater publication share of the dominant language (English), yielding lower RSCR values for the other languages and thus reducing the differences between the English-language journals and the French and German ones. In other words, giving almost identical values (to those of RSCR 1) for the English-language journals and lower values (than RSCR1) for the French and German ones (independent of estimate (a) or (b)). We can say that RSCR 2 reduces gaps between the two groups.
Effects of (a) and (b) estimates.
As expected, using the (b) estimates favouring the non-English languages, increases on the one hand the RSCR values ("raw" as well as normalised) for all English-language journals, and on the other hand, decreases the RSCR-values for all non-English journals, resulting in narrowing the gap between these two groups. 5. Group comparison. While the RSCR values for all English-language journals fluctuate between 0.13 and 0.23 (depending on the estimate) all non-English ones display values higher than 0.5 (even according to estimate (b) and RSCR2). Thus one may say that the basic findings and conclusions reached in earlier articles, namely that the four non-English sociology journals display in their references a relatively higher degree of own-language preference, still holds. Using the refined measures proposed here only reduces the gap between these two groups.
We finally note that everything that has been stated for the relative self-citation rate can also be developed for the relative self-cited rate. The issues studied here deserve, in our opinion, a more formal approach. Moreover, they should be generalised in order to study the openness of one language with respect to another one. This will be done in forthcoming work. 24
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